Using Article-Level-Metrics (ALMs) data from PLOS, we analyze the citations, views, saves, and shares of different types of articles. Using multiple statistical and visualization techniques, we explore scientists' behaviors associated with scholarly works, which could help us better understand their information needs, and provide clues about how different types of scholarly information are valued. We find that scholarly impact could be better interpreted when article types are taken into consideration. Moreover, the correlations between citations, views, saves, and shares also demonstrate the need to consider article types when assessing the validity of altmetrics. Since altmetrics usage data are associated with various information behaviors, we advocate that altmetrics, especially only the scores, should be used with caution. In summary, our approach provides a novel point of view to explore altmetrics and citation data. Future work will adopt quality approaches to look into more details of the current analyses, to get a better understanding of flavors of scholarly impact.
INTRODUCTION
Scholars increasingly leave behavioral traces while retrieving, using and sharing scholarly information online. Scrutinizing this issue from two perspectives, we see the opportunity to learn about both scholars and the scholarly information. On the one hand, these traces of online activities reveal how scholars access and use information. This could be exploited to investigate possibilities to improve the infrastructure of scholarly communication to better serve scholars' information needs. On the other hand, the integrated usage data of scholarly articles, slide decks, blog posts, codes, or datasets uncover patterns about how scholars are accessing and perceiving those works. These behavioral patterns and the value system attached reflect some attributes of the works per se. These two perspectives are closely associated with each other. For instance, a research article getting tweeted 1,000 times on Twitter might be due to the high quality and broad impact of the work itself, or maybe is just resulted from a small group of interested scholars who happen to be avid Twitter users.
Growing interest in validating altmetrics has introduced many studies investigating the relationship between altmetrics scores and citation measures. Positive results have been reported between citations and Wikipedia mentions (Evans & Krauthammer, 2011) , Tweets (Eysenbach, 2011; Shuai, Pepe & Bollen, 2012) , Mendeley bookmarks (Bar-Ilan et al., 2012; Mohammadi & Thelwall, 2013) , as well as other social media including Facebook wall posts, blogs, mainstream media and forums . Most of these studies point out that no matter the correlation coefficients being low or high, the scholarly impact that these two systems of metrics capture are different. It is necessary to develop more detailed follow-up studies, combining quantitative and qualitative approaches, to learn more about what type of impact altmetrics and citation counts reflect respectively.
By integrating social media metrics data of scholarly articles, Article-Level Metrics (ALMs) of Public Library of Science (PLOS) creates the possibility to measure the dissemination and reach of the peer reviewed open access articles published on the 7 PLOS journals (including PLOS ONE, PLOS Biology, PLOS Computational Biology, PLOS Genetics, PLOS Neglected Tropical Diseases, PLOS Medicine, and PLOS Pathogens). Studies have been conducted using the PLOS ALMs data. For instance, Yan & Gerstein (2011) examined data in 2009 and found that the number of citations is best correlated with the access statistics, followed by the number of bookmarking. In another study, Wang et al. (2014) confirmed that citation counts strongly correlate with PDF views, but weakly with HTML views. Priem, Piwowar & Hemminger (2012) sampled 24, 331 articles published by PLOS and reported ASIST 2015 , November 6-10, 2015 Copyright is retained by the authors. great diversity in how different altmetrics indicators display scholarly impact. In this study, they used "flavors" to describe scholarly impact of different types on different audiences. They suggest that some articles are heavily read and saved but seldom cited, while some are highly cited but rarely discussed and recommended, but one flavor is not objectively better than another. In our study, we will continue to examine more recent PLOS ALMs data, paying particular attention to the type of articles.
Scholarly articles encompass a wide range of articles, including but not limited to research articles, review articles, opinion articles, education articles, community pages, editorials & letters, synopsis, as well as journal documents such as corrections and retractions. Nevertheless, few previous studies have looked into scholarly articles that are not research articles, nor did they pay attention to the differences among types of articles. This is mainly due to the relatively small amount of "other articles", and also the fact that before altmetrics emerged as a prominent research topic, most previous research focus more on citation analysis, which has fewer data in "other articles". For instance, Vaughan and Shaw (2003) restricted their analysis focus to full-length research articles, and omitted "other articles", including brief communications, conference reports, editorials, book reviews, etc. In this study, however, we incorporate article types in to our analysis when interpreting the citation and usage data.
RESEARCH METHODS AND DATA
Data in this study were retrieved based on the ALMs "Cumulative Report" for the entire PLOS corpus on April 18, 2015. With the publication dates ranging from 08.18.2003 to 08.17.2014, the corpus contains 129,701 publications. After excluding some articles that have been "moved, changed or removed", we then filtered the data by article types. Finally we got 129,003 entries for our dataset. We consider it reasonable that 99.46% of the articles are included in our analysis.
We targeted PLOS publications for three reasons: 1) the sample size is large enough, 2) detailed citation and altmetrics is provided for every single article, and 3) bias between open access vs. non-open access works could be eliminated since all PLOS publications are open access.
We used R to process the data and conducted multiple statistical analyses. Descriptive statistics were calculated and compared; Spearman correlation coefficients were computed to learn more about the relationship between citation and the three types of usage data. Data were furthermore visualized by histograms, boxplots, time series graphs, as well as correlation scatterplots. Considering that we have an 11-year span of time, we also selected publications from the 1 st , 6 th , and the 11 th year (08.18.2003-08.17.2004, 08.18.2008-08.17.2009, and 08.18.2013-08.17.2014, respectively) and carried out multiple comparisons to better understand the evolvement over time.
Altmetrics Data
The online activities that we look into include views, saves, discussions and recommendations. This aligns with the framework of altmetrics that was proposed by ImpactStory (ImpactStory, 2012), as well as a similar classification that Lin & Fenner (2013) proposed for PLOS. Since various behaviors including commenting, mentioning, liking, linking, sharing, recommending are normally synchronous, it is difficult to separate recommendations from discussions without looking at the actual content, here we therefore integrate recommendations into discussions.
From the PLOS data, specifically, we collected the views, saves, shares, and citations, which are the four numbers currently displayed on the webpage of each article. According to the current definition of PLOS, views denotes the sum of PLOS and PubMed Central page views; saves is the total Mendeley and CiteULike bookmarks; shares is the sum of Facebook and Twitter activity (which could be interpreted as "discussion" in our classification scheme); and citations indicates paper's citation counts computed by Scopus, or CrossRef when Scopus data is unavailable. The rationale for selecting these data to represent these four activities is not fully understood, but we think the schema is reasonable for this initial exploration. Figure 1 shows the semi-log boxplots of citations, views, saves, and shares of the 8 types of articles. The counts of views are significantly the highest compared with the other three activities. As the first phase of information use, viewing is the premise of saving, sharing, and citing. However, it explains less about how the scholarly works are used and reused. On the contrary, saves, citations and shares reflect that the scholarly information is being preserved, disseminated, acknowledged and developed.
Flavors of Articles
Compared to other types, the median and mean of Review Articles keep the highest in all these four activities. Note: ** statistically significant at the 1% level, * statistically significant at the 5% level. th , and the 11 th year, but due to limited space, more information will be provided in the poster.
Correlation Analysis
Considering the skewed distribution of the data, we use Spearman correlation to explore the relationship between each pair of the four activities. Again, we conducted the analyses for publications in the 1 st , 6 th , and the 11 th year, but due to limited space here we only present the results for the 11 th year. Coefficients for the 8 article types are shown in the lower-left and upper-right triangles respectively in Table 2 . A darker color indicate a higher correlation.
High correlations are found in all types of articles except Synopsis and Journal Documents. For these 6 article types, the correlations between views and saves are the highest (≥0.60); while those between citations and shares are generally the lowest. Meanwhile, comparing these 8 types of articles, Review Articles have the strongest correlations (≥0.40). In addition, for Research Articles, views are highly associated with citations; for Review Articles, Opinion Articles, Education Articles, Community Pages, Synopsis, Editorials & Letters, however, views are highly associated with shares. Generally, the altmetrics usage data are more associated with each other when compared to citations.
CONCLUSION
Scholarly works could be accessed and used by various users, for different purposes, and in diverse ways. These factors altogether form different flavors of the impact of scholarly works. Understanding the audience' behaviors to scholarly works not only help us better understand their information needs, but also provide clues about how different types of scholarly information are valued.
Scholarly impact could be better interpreted when article types are taken into consideration. Moreover, the correlations between citations, views, saves, and shares also demonstrate the need to consider article types when assessing the validity of altmetrics. In fact, altmetrics should always be construed contextually, because views, saves, and shares represent different information behaviors and are associated with different rationales behind them. Following this study, we are conducting more research into the interpretation of scientists' information behaviors associated with scholarly publications, as well as a deeper exploration of the meaning of altmetrics measures.
